INTRODUCTION
Electrolyzed water has attracted great attention because of its excellent bactericidal and virucidal activities and its less undesirable effects on biological tissues and the environment1-3). Its application has been investigated in operative, prosthodontic and other fields in dentistry4-14). The electrolyzed water available in the market is roughly classified into three categories: strong acid water, weak acid water and neutral water according to their pH values. Strong acid water was first introduced and has been the most widely utilized in dentistry. We previously reported its effectiveness in the sterilization of impressions, instruments and denture8-14), in which the experimentally bacteria-contaminated surfaces were thoroughly cleaned with a 1-minute ultrasonic washing in this water while a 20-minute washing could do little to remove the bacteria in distilled water. Also, this treatment caused neither deformation nor surface roughness on the impression and gypsum casts as seen in sterilization with chemical solutions10). However, there are two major concerns with this water: one is the deterioration of its bactericidal activity during storage, and the other its the alloy to a lesser extent, and changes in NW even less (Fig. 1b) .
In the silver alloy, the surface of the specimen became a brown or black color after 3-hr immersion in all types of water. The changes were the most severe in SW and the least in NW. A slight change in appearance was observed for the 7-day specimen in TW (Fig. 1c) . Co-Cr alloy showed quite a different corrosion behavior from the precious metal alloys. No color changes were found in SW during the 7-day testing period. The surface appearance became a yellowish brown in WW and NW. The changes were more marked in WW than in NW (Fig. 1d) .
No changes in appearance were recognized for Ti in any water throughout the 7-day immersion test (Fig. 1e) .
Release of constituent elements The cumulative amounts of the constituent elements released from the dental alloys by immersion in the three types of electrolyzed waters for 7 days are shown in Figs. 2 to 5. For the gold alloy, the most notable dissolution was found in SW (Fig. 2) . The cumulative amount of released elements for the 7-day period was predominantly the largest for Au, followed in decreasing order by Cu, Pt, Pd and Ag (p<0.01). In WW, the release of Au was significantly smaller than in SW. The other elements were also released less and the total amount of the released elements was significantly smaller than that of SW (p<0.01). The dissolution of the gold alloy further decreased in NW.
For Au-Ag-Pd alloy, Cu was markedly released in SW (p<0.01), while the other elements such as Ag and Zn showed a smaller release (Fig. 3) . No Au and Pd were detected from this alloy. The release of Cu was markedly decreased in WW, and more so in NW. However, the total amount of the released elements from this alloy was significantly larger than that of the gold alloy in WW and NW (p<0.01).
For the silver alloy, the release of In was predominant in SW (p<0.01) (Fig. 4) . The alloy released only a small amount of Ag and Zn although their amounts were significantly larger than those in WW and NW (p<0.05). No release of In was detected in WW and NW.
The Co-Cr alloy showed quite a different behavior from the precious alloys (Fig.  5) . The largest release of the elements was caused in WW. Both Co and Cr were almost equally released and the amounts increased with immersion time. The dissolution of the alloy significantly decreased in NW and the amount was approximately half that of WW. In SW, only a small amount of Co was detected.
No release from Ti was detected in SW, WW and NW for the 7-day period. All the alloys showed no measurable release of their constituents in TW.
Corrosion products
Figs. 6 and 7 show the SEM images and spectra of X-ray microanalysis of the surface of the specimens after 7-day immersion in SW and WW, respectively. Granular corrosion products were observed all over the surface of the gold alloy immersed in SW. They were found to be rich in Ag and Cl by spot microanalysis. Similar results were obtained for Au-Ag-Pd alloy and silver alloy in SW. When the specimen was immersed in WW, the corrosion products insularly distributed on the surface of AuAg-Pd alloy while the surface of silver alloy was almost fully covered by corrosion products. Although the individual crystals composing the corrosion layer appeared somewhat rectangular, they showed the same spectra as those in SW. There were scattered corrosion products on the Co-Cr alloy immersed in WW, among which Co, Cr and O were detected. that In was also much released from In containing amalgam in a 0.5% sodium chloride solution17). It is generally known that Au shows no dissolution in strong acid other than aqua rigia. It was also reported that gold alloy has a good corrosion resistance in sodium chloride solution18. On the other hand, it was demonstrated that the dissolution of Au was accelerated in an acid medium containing chloride19). It is known that the strong acid water contains a larger fraction of Cl2 in its residual chlorine20). And Yoshida15) has reported that gold alloy greatly corroded in strong acid water. Thus, the corrosion behavior of gold in SW in the present study might be attributed to the interaction of the lower pH and higher concentration of residual chlorine. The dissolution of the gold alloy significantly decreased in WW and further decreased in NW. The total dissolution similarly decreased in WW and NW for the Au-Ag-Pd alloy and silver alloy. The manufacturer of NW claims that most of the residual chlorine consists of hypochlorous acid (HClO) and it is not easily converted into gas due to the specified double electrolyzing process. Thus NW contains less free chlorine than other types of electrolyzed water.
This may be the reason why NW was less corrosive to metals together with its neutrality.
The surface of the gold alloy lost its luster after the 3-hr immersion in SW and turned whitish in appearance as immersion time increased.
No changes in appearance were observed in WW and NW during the 7-day immersion period. In the AuAg-Pd alloy, the surface turned black during the 3-hr immersion in SW and got darker as immersion time increased. The surface changes were less in WW and the least in NW. In the silver alloy, all the specimens suffered from severe color changes after the 3-hr immersion in all types of water. SEM observation and X-ray microanalysis of the 7-day specimens revealed that the surface was covered with granular corrosion products consisting of Ag and Cl rich layers on all the precious metal alloys when immersed in SW. These products might be identified as the crystals of AgCl. It may be supported by findings that AgCl crystals were generated on the surface of Au-Ag-Pd alloy in 1% NaCl, as well as in the human saliva and artificial saliva21) and on the surface of silver alloy in Ringer's solution and 0.1%N HCl solution22) during anode polarization measurements.
Although in the SEM images the crystals appeared somewhat rectangular when the specimen was immersed in WW or NW, they were identified as equally AgCl by X-ray microanalysis.
Furthermore, the surface appearance was variously changed from whitish to black colors according to the alloy, water and immersion time. However, X-ray microanalysis showed that all the corrosion products were AgCl crystals and the present experiment could not systematically explain the differences in the apparent color of the corroded surface. In any case, it was found from these results that Ag in the precious metal alloys might not easily dissolve into electrolyzed water, but preferentially react with residual chlorine in the waters to form AgCl crystals on the surface.
Unlike the precious metal alloys the Co-Cr alloy showed the least corrosion in SW. Its surface remained unchanged during the 7-day immersion. This might be due to the passivation in the water. It was rather corroded in WW, exhibiting the largest amounts of released Co and Cr and its surface turned yellowish brown with the 
